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Medical image enhancement is a topic of great interest to researchers due to 
the rapid evolution of technology and advancements in communication. There 
are many types of medical images such as X-ray images, computed 
tomography (CT) scans, magnetic resonance imaging (MRI) scans, ultrasound 
images, positron emission tomography (PET) scans, single photon emission 
computed tomography (SPECT) scans, digital radiography images, 
mammography images and Fluoroscopy images. X-ray imaging is a valuable 
tool for diagnosis, monitoring, and treatment of many medical conditions, and 
its non-invasive, widely available, low cost and fast nature makes it a popular 
choice for many medical professionals. The proposed approach presents an 
algorithm for enhancing X-ray images, improving their visual appearance and 
making their content more useful and meaningful. The results of the algorithm 
show that enhanced images have a more natural look and provide accurate 
details of the objects in the X-ray images. Overall, this algorithm can aid in 


YCbCr the diagnostic process by providing clearer and more detailed images for 
medical professionals to interpret. 
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1. INTRODUCTION 

Medical image processing is a significant task of image processing because it is directly tied to the 
lives of patients. Clinicians and medical specialists rely heavily on medical images to diagnose patients and 
make appropriate treatment decisions [1]. Because of the unexpected variations in image quality and the high 
priority and sensitivity of the solutions that rely on medical images, we may mention that medical image 
processing is a crucial scientific area with a low percentage of mistakes [2]. 

Medical image processing has a major drawback, which is the nature of medical images themselves. 
The environment in which the images are captured may produce images with low contrast, low visibility, and 
a lot of noise, which can have a negative effect on the diagnostic procedure's accuracy [2]. Image enhancement 
is the most important and complex procedure in image processing [3] because because the accuracy of the 
results of image enhancement is completely dependent on the accuracy of the results of subsequent operations. 
The major goal of medical image enhancement is to significantly boost the visual appearance of images so that 
they are more informative and efficient for subsequent procedures, including object detection and/or 
classification tasks [4]. 

Generally, image enhancement can be classified based on the targeted domain into two basic types, 
spatial domain and frequency domain [5]. Spatial image enhancement involves direct manipulation of 
individual pixels within an image. Conversely, frequency image enhancement involves conversion of the image 
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to the frequency domain through mathematical transformations, processing based on frequency domain 
attributes, and subsequent reconversion back to the original image space. This approach allows for image 
processing operations to be performed in the frequency domain, offering potential advantages in terms of image 
quality and computational efficiency [6]. 

Contrast enhancement techniques are commonly employed to enhance the visibility of objects in 
images by increasing the difference in brightness between objects and their backgrounds. This process typically 
involves two stages, namely contrast stretching and tonal enhancement, although they can be performed 
concurrently. Contrast stretching improves the uniformity of brightness differences across the entire dynamic 
range of the image. On the other hand, tonal enhancements alter the brightness differences in the shadow, 
midtone, or highlight regions, often at the expense of brightness differences in other regions. By utilizing these 
techniques, the visibility of objects in images can be improved [7]. 

Many studies proposed contrast enhancement algorithms, contrast enhancement based on human 
sensitivity was introduced in [8], this study controls image gradient to improve the local image contrast and 
without need to segment the image into either spatial or frequency domain. This study proposed contrast 
enhancement is characterized as an optimization task in which the average local contrast of an image is 
maximized. A perceptual requirement mainly produced from the human supra-threshold contrast sensitivity 
function is included in the optimization formulation. Then, to represent this optimization task, it presents a 
greedy heuristic controlled by a single parameter. 

Automatic contrast-limited adaptive histogram equalization (CLAHE) was introduced by [9], the 
primary contribution of this study is the systematic initiation of clip points through the consistency of blocks. 
Additionally, the study proposes the integration of dual gamma correction into CLAHE for preserving 
naturalness. The proposed methodology involves three steps. First, the histogram of each block is rearranged 
based on the dynamic variation within the block. Second, a dual gamma correction technique is developed to 
enhance luminance, particularly in dark areas, while minimizing over-enhancement artifacts. 

Contrast limited dynamic quadri-histogram equalization (CLDQHE) was suggested in [10] as a 
suitable enhancement technique for retaining brightness and structure. This technique is divided into three 
steps: i) A suggested threshold splitting an image's original histogram into four sub-histograms; ii) To control 
the enhancement rate, an adaptive histogram clipping method is proposed, which can adjust the clipping 
threshold; iii) Each sub-histogram is equalized individually and mapped to a new dynamic range. 

A new krill herd (KH)-based improved contrast and sharp edge enhancement framework for medical 
images was presented in [11]. This research introduces a novel approach for optimizing image enhancement 
through the use of a threshold limit and fitness function. The threshold limit is adjustable and is based on the 
minimum, maximum, mean, and median values of the image histogram. The threshold limit is applied to clip 
the histogram, and the remaining pixels are reassigned to histogram bins with relatively greater vacancy. The 
proposed approach employs the KH meta-heuristic algorithm to automatically adjust the adjustable parameter 
using a unique fitness function. This fitness function comprises two distinct objective functions that utilize 
image features, including edge, entropy, gray level co-occurrence matrix (GLCM) contrast, and GLCM energy, 
to improve contrast enhancement and visualization of anatomical images. The proposed method aims to 
provide the best-enhanced image with improved differentiation of characteristic information. 

A new approach for enhancing the contrast of medical images, known as quad weighted histogram 
equalization with adaptive gamma correction and homomorphic filtering (QWAGC-FIL), was proposed by 
[12]. The proposed technique incorporates three distinct image enhancement methods, namely valley-based 
segmentation, weighted histogram equalization (HE), and adaptive gain control (AGC) with homomorphic 
filtering. This technique outperforms other methods in terms of both entropy and visual quality assessments. 
Specifically, the QWAGC-FIL approach, when compared to individual techniques such as SHE, AGCWD, and 
adaptive gamma correction and homomorphic filtering (AGC-FIL), effectively enhances low contrast images. 
Additionally, the proposed approach exhibits superior entropy preservation when compared to other methods 
such as HE, Brightness preserving Bi-histogram equalization (BBHE), SHE, and AGCWD. Moreover, the 
QWAGC-FIL approach maintains a natural image presentation. 

Color image enhancement approach described in [13] The aim of this study is to enhance the 
information richness of an image while minimizing viewing artifacts and loss of features. This is achieved by 
iteratively weighting the input image and the intermediate equalized image until the full range of intensities is 
covered. Using the efficient golden section search technique, the suitable weighting factor is ideally computed. 

For image contrast enhancement, a novel histogram modification approach was developed in [14]. 
The proposed method involves the following steps: First, the sum and standard deviation of the input histogram 
are calculated. The resulting sum undergoes gamma correction to produce a modified histogram. Subsequently, 
a mapping function is generated by applying classic histogram equalization to the modified histogram. The 
suggested approach aims to improve the image evenly while minimizing computational complexity and 
preserving the mean brightness. 
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The triple clipped dynamic histogram equalization based on standard deviation (TCDHE-SD) 
technique is suggested as a robust contrast enhancement approach in [15]. Based on the standard deviation, the 
proposed method partitions the histogram of the input image into three sections of equal pixel count and applies 
a histogram clipping method to each sub-histogram. The resulting histograms are mapped to a new dynamic 
range and equalized independently. This approach aims to achieve several objectives, including maximizing 
the entropy, managing enhancement ratio, maintaining brightness, and producing natural, detailed images. 

A new image enhancement model based on fractional integral entropy (FITE) was introduced in [2]. 
This approach combines fractional integral and entropy features to tackle the problem of non-linear image 
enhancement complexity. The suggested FITE enhances fine features of various medical images dynamically 
dependent on the image contents. The suggested FITE methodology outperforms existing approaches in the 
generalized application of image enhancement, according to experimental results on three medical image 
datasets. It's worth mentioning that some of the comparison techniques may offer superior results under 
particular settings because they were created expressly to handle the photographs produced under such 
conditions. 

A histogram equalization-based medical image enhancement method was suggested in [16]. Wavelet 
transform and threshold processing are used to enhance the image at first. The Prewitt operator extracts the 
enhanced image's detail characteristics and combines them with the original image, after which the histogram 
is employed to equalize and enhance the image. 

A method for improving contrast in color retinal images is presented in [17]. This method does so by 
taking the image's brightness into account. The AGC method is used to boost the luminance of the given color 
in the first step. Then, in lab color space, contrast enhancement is performed via a quantile-based histogram 
equalization approach. On the Messidor database, the suggested technique is evaluated. The results of the 
enhancement show that, when compared to other ways in various color spaces, the suggested method produces 
better results, particularly for those color RetImgs with poor quality in the outset. The suggested approach can 
maintain the images' structural details and naturalness. 

Global and local equalization of histogram and dual-image multi-scale fusion, or GLHDF, is a 
technique for improving underwater image quality that was proposed in [18]. GLHDF is composed of four 
stages: pixel intensity center regionalization, global histogram averaging, local histogram averaging, and 
multiscale fusion. As can be seen from the results, GLHDF enhanced images with clear visibility, natural color, 
high contrast, and texture sharpness. The suggested approach also surpasses other cutting-edge methodologies 
in both qualitative and quantitative analysis. Additionally, GLHDF can achieve acceptable results in terms of 
low-light, natural, foggy, sandy, and underwater images acquired with various underwater specialized cameras. 

This article examined a novel singular value decomposition-related (SVD) enhancement method 
based on variational mode decomposition (VMD). The reference images and the processed image were first 
deconstructed using VMD into distinct modes. Then, in the following phase, the singular matrix's highest value 
was determined for the chosen mode of each image. Using the singular value matrix (SVM), a correction factor 
that depends on the image was constructed. Finally, the image is recreated by merely combining the reference 
image's raw modes with the -corrected mode image. A new weighted factor was applied to both the original 
and the enhanced image in order to prevent over-enhancement. The suggested approach was evaluated using 
various kinds of publically accessible low contrast images to validate the algorithm [19]. 

The present study proposes a novel algorithm for adaptive fuzzy gray level difference histogram 
equalization in [20]. An input image's gray level difference is initially determined using binary-similar patterns. 
Then, to address the uncertainties present in the input image, this study proposes a fuzzy gray level difference 
histogram equalization algorithm. The gray level differences are fuzzified, and a fuzzy clip limit is calculated 
to limit minimal contrast amplification. The resulting fuzzy clipped histogram is then equalized to obtain the 
contrast-enhanced MR medical image. The proposed algorithm is evaluated both visually and analytically to 
compare its performance with other existing algorithms. 

This study proposes an effective method for enhancing low contrast medical images using range 
limited weighted histogram equalization (RLWHE) [21]. The proposed technique combines Otsu's method- 
based segmentation, weighted HE with range limited BHE (RLBHE) analysis, and AGC with homomorphic 
filtering for enhancing low contrast medical images. This hybrid technique outperforms individual HE 
techniques such as RLBHE, AGCWD, and RLBHE with AGC in terms of entropy, peak signal-to-noise ratio 
(PSNR), and visual quality evaluations. Compared to previous methods, the proposed technique offers superior 
entropy preservation, better contrast enhancement, and effectively addresses over-enhancement issues, 
resulting in a more natural appearance of the image. 

A revolutionary technique for improving images is presented in [22] that can improve the image's 
contrast and visual quality. A modified gray world algorithm-based technique is employed for color correction. 
To assure the improvement of edges and contrast, the processed image is then subjected to unsharp masking 
and contrast-limited histogram equalization. 
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2. METHOD 

The essential concept behind the proposed approach is to take advantage of the existing of a variety 
of color spaces. As we all know, there are different color spaces that define colors in image processing, each 
with its own philosophy or perspective of how we would understand colors. Color spaces are models for 
displaying colors in digital media, acknowledging that each color will be defined by a collection of rules, 
equations, and numbers. In image processing, there are many different color spaces, each with its own set of 
features [23]. The color spaces red, green, and blue (RGB) and YCbCr are employed in this study. 

The overview of this approach can be presented by a few words: using multi- color spaces sequentially. 
With details, the input image will be processed to obtain the components of RGB color spaces, this step can be 
considered as a preprocessing step to move on to the next step which is applying CLAHE [4] on each one of the 
three components in RGB. CLAHE is based on the following procedure [24]: divide the input image into several 
non-overlapping small and equal-size regions, calculate histogram for each region, obtain clip limit for clipping 
histograms based on contrast expansion, redistribution step will be achieved by preventing all histogram values 
from exceeding the clip limit. Use the cumulative distribution function (CDF) [25]. 

The parameters that were used for CLAHE in the implementation the approach were initialized based 
on two main factors first the previous studies and second the experimental trying. In the proposed approach, 
the output image obtained from applying CLAHE serves as the input for the next step. The input image is first 
converted from the RGB color space to the YCbCr color space. The YCbCr color space has three components: 
Y, Cb, and Cr. The Y component represents the Luma component of the color and is responsible for the light 
intensity of the color. The human eye is highly sensitive to this component. The Cb component represents the 
blue component related to the chroma component, i.e., the blue component related to the green component. 
The Cr component represents the red component related to the chroma component, i.e., the red component 
related to the green component [23]. Applying CLAHE on Y component only then regroup all components 
together to produce the final result of this approach. 

It is important to mention that the parameters for CLAHE that applied to RGB are completely different 
from the parameters for CLAHE that applied for YCbCr. These differences result from the effect of applying 
CLAHE on the image and the variety of used color space. This approach used benchmark dataset X-ray images 
for hand fractures that provided in Kaggle website [26], this dataset is basically designed for fractures detection 
and/or classifications whereas is divided into four parts which are: training which is consist of (237) files, 
training annotation, validations which is consist of (40) files and validation annotation. 

The proposed method is broken down into several stages in Figure 1, starting with reading the input 
X-ray image, extracting the basic RGB color space components, applying CLAHE to each component 
separately, creating an enhanced image by grouping the RGB from the previous stage, converting the enhanced 
image from RGB color space to YCbCr color space, extracting the basic YCbCr color space components in 
preparation for applying CLAHE to each component separately, and generating the final enhanced image by 
group the components of YCbCr. 


> Input Image < 


> Extract R,G And B Components < 


> Apply CLAHE On Each Components < 
> Re-group The RGB Componnents To Create An Image < 


4 Convert New Image To YCbCr Color Space < 


> Extract Y , Cb and Cr Components < 


> Apply CLAHE on Y Component Only < | 
-R The T 7 


e-group b ompunne 0 ate the Outpu 
6 r 


Figure 1. Flow chart of the proposed approach 


3. RESULTS AND DISCUSSION 

The results of the experiments demonstrate that the proposed approach significantly improves X-ray 
images by enhancing their visual quality and increasing their level of detail, outperforming traditional methods. 
Nevertheless, the proposed approach has two primary limitations that need to be addressed in future research. 
The first limitation is the difficulty in determining optimal values for the CLAHE technique in each step. As a 
solution to this limitation, future studies may consider using neural networks to optimize the enhancement of 
each X-ray image. This approach would help to determine the most suitable CLAHE values for each image 
automatically. 
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The second limitation of the proposed approach is the limited size of the X-ray dataset used in the 
study, with the sample sizes being uneven. This issue may affect the generalizability of the results, and future 
studies should consider using larger and more balanced datasets to verify the effectiveness of the proposed 
approach. Despite the limitations mentioned above, the proposed approach can serve as a foundation for future 
research in sequential image enhancement using multiple color spaces. Sequential image enhancement refers 
to a process that involves the application of several image enhancement techniques in a specific order to 
improve image quality. The proposed approach could be extended by integrating additional image 
enhancement techniques, such as denoising, sharpening, and color correction, in the sequence. 

Furthermore, future research could explore the use of different color spaces, such as YCbCr, Lab, or 
HSV, in the sequential image enhancement process. These color spaces have unique properties that can be used 
to enhance specific aspects of the image, such as brightness, contrast, and color saturation. By incorporating 
multiple color spaces in the enhancement process, the proposed approach could achieve better results in terms 
of image quality and detail. Figure 2 illustrates the results for the proposed approach compared with the original 
image, RGB enhancement, YCbCr enhancement, and the proposed approach, whereas Figure 2(a) presents the 
original images, Figure 2(b) RGB enhancements, Figure 2(c) YCbCr enhancements, and 2(d) the proposed 
approach results. 


Figure 2. The results of the proposed approach (a) presents the original images, (b) RGB enhancements, 
(c) YCbCr enhancements, and (d) the proposed approach results 


4. CONCLUSION 

The present study proposes a method for improving the quality of X-ray images through the 
application of CLAHE in a sequential manner, using two distinct color spaces and varying parameters for each 
step. The findings indicate that this approach results in enhanced visual quality and greater accuracy in 
detecting specific features compared to conventional methods. The dataset used for evaluation was obtained 
from Kaggle. In order to further validate the efficacy of the proposed method, a subjective evaluation involving 
medical experts or radiologists is recommended. This would involve presenting the enhanced images to these 
professionals and soliciting their opinions on the improvements in image quality and the ability to accurately 
diagnose medical conditions. The combination of subjective evaluation and objective measurements of image 
quality will provide a comprehensive assessment of the proposed image enhancement technique. 
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